Abstract. The middle-term clinical and radiographic results were investigated in total hip arthroplasty (THA) cases using PMMA bone cement and hydroxyapatite (HA) granules (the interfacial bioactive bone cement technique; IBBC). 42 hip joins (39 cases) were operated between October 2005 and July 2007, and followed. The minimum follow-up was 6.6 years and the average follow-up was 7.4 years. One revision was performed due to late infection. Average Japanese orthopaedic association (JOA) score improved from 48 to 87. Socket loosening was not observed radiographically. X-p findings of sockets demonstrated radiolucent line in the outer part of Zone 1 (designated Zone 1a in this report) in 12% immediately after the operation, 24% at 2 years postoperatively. After 2 years progressive changes were not observed. Accordingly, after 6 years radiolucent line in Zone 1a was observed in 17%.The improvement of radiolucent line with bone remodeling was observed in three cases after 3-4 years postoperatively, suggesting osteoconductivity of HA granules was maintained after the operation.
Introduction
In fixation of artificial joints, the interface between bone and implant is one of the critical factors for longevity of the joints. In cemented THA, stable bone/cement interface is important. To achieve secure fixation, cementing technique has improved with the introduction of cement guns, pulsatile lavage, and intramedullary bone plugs for the femur, multiple anchoring holes in the acetabulum, vacuum mixing of cement. These contemporary techniques (second to third generation cementing) has improved clinical results of THA [1] , however, cement penetration to bone is often limited even with these techniques, especially in the acetabulum [2] .
IBBC technique is the cementing method to improve long-term clinical results of THA used in fixation of THA implants to bone [3] [4] . However, the difference between IBBC and conventional method, including radiographic changes, was unclear. In the present report, we have investigated the middle-term clinical results and radiographic changes of THA using IBBC technique, and investigated the difference from conventional cementing technique.
Materials and Methods.
K-MAX HS-3 (Kyocera Medical, Japan), with titanium cemented stem and all polyethylene cemented socket, was used for THA implants. The stem is made of high-strength vanadium-free titanium alloy (Ti-15Mo-5Ar-3Al), with 9mm-diameter neck, double-tapered design, small collar and smooth surface (Fig.1) . The socket is made of cross-linked polyethylene (Excellink). Basically the third generation cementing technique was used for THA using bone cement. The socket fixation was performed by PMMA bone cement (Endurance, DePuy) and synthetic HA granules (Ca10(PO4)6(OH)2, Boneceram P; G-2, Olympus, Japan) according to the Oonishi`s IBBC method [3] [4] . HA granules (G-2) are non-absorbable, 0.3-0.6mm in size, with 35-48% porosity and sintered at 1150℃ (Fig.2) . In IBBC technique, HA granules are interposed at the cement-bone interface to augment cement-bone fixation (Fig. 3) . The amount of granules used in our series was 1-2g, whereas 2-3g in the original method. The stem fixation was performed by third-generation cementing technique with cement gun and vacuum mixing. IBBC method was not used in stem fixation.
42 hip joins (39 cases) were operated between October 2005 and July 2007, and followed. The minimum follow-up period was 6.6 years, the average follow-up was 7.4 years and average age at operation was 67 years (male; 4 cases, female; 35 cases, osteoarthrtitis; 35 cases, aseptic necrosis; 4 cases). The clinical results were evaluated by Japan Orthopaedic Association Hip Score (JOA score), and X-p findings were evaluated (socket loosening: Hodgkinson Type 3 and 4. socket radiolucent line. stem loosening: Harris definite and probable) using antero-posterior radiographs. The locations of radiolucent lines were identified according to the zones described by Delee and Charnley for acetabular components, and Zone 1 was divided into two parts, outer Zone 1a and inner Zone 1b. Osteolysis was defined as a focal area of lucency.
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Results
One revision was performed due to late infection. Japanese orthopaedic association (JOA) score improved from 48 to 87. Socket and stem loosening was not observed radiographically. X-p findings of sockets demonstrated radiolucent line at Zone 1a/1b in 12/0% immediately after the operation, 24/4.8% at 2 years postoperatively. After 2 years there was no progressive change of radiolucency and these findings did not influence the clinical outcome. Improvement of radiolucent line with bone remodeling was observed in three cases at 3-4 years postoperatively (Fig. 4) . In these cases, the radiolucency at the bone/cement interface became unclear after 3 years and trabecular structures were observed at 5 years, with the remodeling of acetabular bone. Accordingly, after 6 years radiolucent line in Zone 1a/1b was observed in 17/2.4%. Radiolucent lines at Zone 2 and 3 were observed in 0% and 7.1% at two years postoperatively, and did not change at 6 years. Osteolysis was not observed in the acetabular and femoral area. The separation of HA/cement layer was not observed. 
Discussion
To achieve excellent long-term durability of THA, the interfacial stability between bone and implant (cement) is important. In cementless implants, macro-anchoring between bone and implant is achieved by surface structures, such as porous coating. Additional HA coating provides direct bonding to bone. However, there is possibility of the absorption and disappearance of the HA coating in the long term, because HA used for cementless implants contains amorphous HA [5] . The question is posed about the superiority of the clinical results of HA-coated acetabular cups in the middle to long term [6] .
In cemented implants, macro-anchoring is achieved by penetration of bone cement in anchoring holes and cancellous bone. However, the direct bonding between bone and cement (micro-anchoring) is not provided by conventional cementing technique because the PMMA cement is basically bio-inert. In IBBC technique, the long-term direct bonding between cement and bone is expected by interposing sintered HA granules, which are more stable chemically, at the interface.
In IBBC technique, HA granules are smeared on the bone surface of the acetabulum and femur just before cementing. Oonish has reported excellent clinical results of THA with IBBC at the minimal follow-up of 15 years [3] [4] , however, the difference between IBBC and conventional method, including radiographic changes, was not clear. From present report, the radiographic behavior of THA socket using IBBC technique was different from conventional cementing technique,
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suggesting osteoconductive property of hydroxyapatite granules is maintained at the interface after the operations for a middle-term. There is difficulty in predicting longevity of THA from short to middle-term clinical results. However, it is thought that some early findings suggests the long-term clinical results of THA, such as socket wear measurement (linear wear, shape of wear particles), backside wear, changes of bone quality around the implants (stress shielding, osteolysis). In addition, observation of early interfacial changes between the implant (cement) and bone (radiolucent line, gap filling) are thought to be the important points to predict long-term results of THA. In this report, radiolucent line around the cemented socket was checked. Usually the initial radiolucent line is observed in small areas, so we divided Zone 1 (DeLee and Charnley) into two parts (Zone 1a and 1b) for close investigation. In some cases, radiolucent line was observed in the outer part of the sockets (Zone 1a) after the operation. It is thought that hard subchondral bone sometimes remained and the secure pressurization of the cement was difficult in this area, accordingly interfacial gap appeared. These local radiolucent lines were non-progressive after two years, and in three cases improvement of radiolucent line was observed at 3-4 years postoperatively. These findings were not observed in cases with conventional cement technique using PMMA cement (Fig. 5) , suggesting in IBBC technique, osteoconductivity of HA granules was maintained after the operation.
The improvement of gap around the socket is reported in some types of cementless, porous-coated implants [7] . Udomkiat et al. reported serial radiographic changes of cementless porous-coated sockets [8] . They reported thirty-seven hips (34%) of initial gap around the socket on the initial postoperative radiographs, which decreased at each follow-up interval. At an average of 6 years postoperatively, 13 hips had persistent gaps, 3 hips had stable radiolucency (15%), however, the range of radiolucency was not clear in the report.
The IBBC technique was regarded as an excellent method, but there are concerns over some points, such as bleeding control at the time of cement fixation, disturbance of cement intrusion to anchoring holes by granules, difficulty of the uniform granular dispersion to the acetabular bone (Zone 1 in particular). It was supposed that thick HA granule layer sometimes disturbs macro-anchoring of cement to bone, leading to separation at the interface [3] [4] . And if the free granules remained, there is concern over migration to the joint interface leading to third-body wear. Accordingly, we used reduced amount of HA (1-2g) in this series. Moreover, we are now trying modified IBBC method to improve these problems.
Summary
The middle-term clinical results of THA using IBBC technique were excellent. The improvement of radiolucent line suggested maintained osteoconductivity of sintered HA granules after the operation. These findings supported superior clinical results of IBBC over conventional cementing technique, however, further long-term follow-up is necessary to confirm the longevity of IBBC technique.
446
